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(57) Abstract: 

PURPOSE: To improve the crystallizability of other 
nitride semiconductors grown on the surface of an n-type 
nitride semiconductor layer and to improve the 
efficiency of a light emitting element and a 
photoreceptor element by providing a method for growth 
by reducing the lattice defect of the n-type nitride 
semiconductor surface. 

CONSTITUTION: At least one layer of a second n-type 
nitride semiconductor layer 33 (ln a Al b Ga.|_ a _ b N t 0<a, 
0^b, a+b<1) whose composition differs from an n-type 
nitride semiconductor layer 3' is grown in the n-type 
nitride semiconductor layer 3' growth or the n-type 
nitride semiconductor layer 3* is grown at least by the 
thickness of 5um. 
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1 

( I n, A 1 , Ga,.,., N, 0 ^X, 0 ^Y, X + Y^l) 

©jeftSfiKfis-B-s^ftK^wr. wiEnfflstfb^fu^ 

mt&tfa^mfcm (I n. A UGa,-...N, O^a, 0 
^b, a+b^l) t fe— S^-h^SS-a-^di: 

nffig<fc#U#A*fb^*¥»#©ISIitf 10 

fi?jft. 

[§?t;fcJg2] ilMH*r:©nS£{b#y*A*fl3#fc¥ 

a t r * m&g i ce*o n aafb^f u £ a ¥ 

l*itfIn,Ga,.,N (0<a^l) , feb<«Al„ 
Ga,.,N (0<b^l) . £7i«&j£©gft:.5A lbG 

ai-bN (o^b^i) ©»|g^a^bfc#)im-e*^d 

t*»*i:-r*ai#*l*fe»4lll*S2KIE*Onaa 20 

ttA ?77l^lTn 3BMfc# U A*ft^**i»fls 
(I n, A 1, Ga,-,., N. 0 ^X, O^Y, X + Y^l) 

Ja£ie?jft. 
[R"H©#ttfcl»9i] 

[0 0 0 1] 30 

W3Ml!§«**#(In,Al,Ga,. I . I N. 0 ^X, 
O^Y, X+Y^l, OTtfWJ^Afft;^^^ 
v> 3. ) ©«»/**#»£« ?> , 

[0 0 0 2] 

[fi£#©t£ffi] »H:«l6t*V- !f^-f*- 
h\ l^^t- K©#fitLTtftft¥i* (In,- 40 
A 1,- Ga, N, 0^X\ O^Y'.X'+Y'^l) 

**aaanT*o, «fi ;:©#»■?*« 1 c d©*£« 

^*-HH0ii:in5i:. -y-7r<7J;075:^ 
Sffil©S®lC, GaNJ;i3feM777l2t, Ga 
N<k 9 &-5n I'll 3 A 1 GaNJ;t3ft5nIi'77 
Kl4i, I nGaNi?)S«>ffiftI5t, AlGaN 
i0^pS^77 HJI6 t. G aNit)ft:5pS3> 

[0 0 0 3] ttfls4ti¥4Mi<:*?td:. -j&ICMOVPE 50 
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(WiM^Sxlf^^ytil') ft, MB E (SH^glx 
tf^+v'-Wl') ft, HDVPE (A-f K7< K^ffixtT 

ft^©nus/£Sft£fflv>, Stifttscigfl: 

t77-f7, ZnO, S i C. GaAs, MgO^©# 
»*»ttfSft*. SffiOSH;iiA777i^LTn 
SOSWi* (ImAl.Ga,.,.,^ 0^X, 0 
£Y. X+Y^l. tomtllnlGaN, nlAl 
GaNW>. ) **j£ft3ft.5. SiC. ZnO 

©.fc3fc»b4&¥##£*^:£ft©i6v»*«£fliv»*» 
A7 7 7lSi«tf, SSfcfi&nSg'fbft 

*an**«j«*sn*cii'b*«. as*WK:tt, ^©s 
S K if n fcjEfcg;* c t »c «fc 0 , 

[0 0 0 4] VP Eftfc«fc g-fb<fe¥S 

ICWtfXKGaat, A liS, IniitfiSfM 

»* { x tf ^ +■ -v jpjfcft $ n . a y 7 7 n \z g 

aN, A 1 N, GaAlN^lUSn, 3 0 0t~9 
0 OtOrggTl 0^">^ hn-A~0. 1 jimCDl 

¥^*Itt9 0 0*C£U:©ffl«T, Ml^mW. 4 
um«T©JKJ9T^ft$n-5. 
[0 0 0 5] 

t, s i c*«©«t^ic, j*ss-s-j:3*-*a 
im¥mi*vteTfe&.\ziELU&m&mm-rz>i)\ 
fe^s-g-^igfn-r a* 7 7 7i^bxii*ixt: 

[0 0 0 6] ffifl&bftViSSO^ICMLfenS 
aft***#Ottft©*SC»f®H*— «t LTH2 fc* 

{Jounal of Crystal Growth, 115, (1991) P628-63 
3} Jc0 5lffiLfefe©TS0, -V-7T-1 TgsftL<D&ffiiZ 
A 1 NJ;fl&3Ay:77Jl£7>LTnlJGaN£xfc!^ 
*->-v;|/J*S£1*\ -?-©£r®£TEM (transmission e 
lectron microscopy) TSUSLT, f©TEM^?,M 
&<Dffi&$:ligg.W\Zml,tz : b<DT~&Z>. Z.<DmiZ£Z> 

fi£S$tlT*3D. -?"©A-y7r^©-hlCGaN$Xtf^ 

*>'^;pj«*s-a'Si, ^©/Vv7rlo-!ii4«iBS 
©«fc5fc&3!l£*;tl/T, &*lCGaN©EtfHtatg-5 

[0 0 0 7] bj^bftj&tS, ^±KfS«^ttOMV»Ga 
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G a N)i*®K3iT3£T#£>'-0>-5. d«)^(5||fS 
^iBr©F*3lH5-C\lt£.5t>©&&.5a*< G aN/I^Mir^T 
'MTZ^Ote. &m-r?MZ.\Zl 0'~1 O'S/cm'* 
5. 1 ©fS3t;/-f :t- FlSi^lc£>^T*>. 

[ooo8] M(D&mz&&i,tznmg.i ] cm¥m&m 

%m\zf&&-rz>?7y vm. m&mm. ±T<D*m&m io 
\z$L\mtfin, m?ffi&±{£\zm&&*Ri2Tt^r)ffl 

%ft?'f*-\*tLtzm&iz, &yt&ti, mfrrnvm? 
&m\zm§em&R&-r t \,*$ 

[0 0 0 9] *«©:S®K£-rnSSYb#>4^#/I£j=£ 

Wtt£©«fc3fc*****fc;£nfcfc©Tr*0, MOV 
PE, MBEffi«s©SMUS«ffiKJ:0, JB^Cft^S-g- 
b T USHMCgl n Sl^t^immi^m £ 
«KC ^©nSSflS^¥3J#»©teT*l%£4>fc< U 

[0 0 10] 

T**^LTnffl»bltMMM*: (I n.AI.Ga,.,., 

N> 0^X. 0^Y, X+Y^l) <0««SJ*ftS-a-**jSfe 30 

( I n. A 1 „ Ga,... b N, 0^a, 0^b. a + b^l) 

[0 0 1 1] *ft*»flO*S<Dj(!rOi*»J, ^*§fig 

n^gffctf'J ( I n, A 1 , G a 

.-i-,N. 0^X, 0^Y, X + Y^l) CDi^aSrJ5£fi$-a- 
S2rftK*V»T, MfEnSaEYfc^fUf 

[0 0 12] 

iz. &i8.<Dmttz>f£-<z>&ih®>¥mftmz&&.?z>£. 
&-<Dmk®*mm*m.mm. m^^yyymtvx^ 

e>tl-5 (tAT*B^M#tC*5ViT. ^-0DS-fk<fe¥^*S 



©Ay 7r«#5;*^y?©4>&V>£« 

[0 0 13] 3Bz:o/x?;7rStt— S£t±jgriE"rti«J: 
<. *O-I*fc0OK)ltti 0*>y7hn-A 

(0. 0 0Um)8U:, 1 ^mJ^T, SSfcJffSK 
ttO. 00 1(imy±, 0. 1 um!XT<Dl&W\zm&? 
Z>Z\£&m$iL^. 0. 0 0 1/im.tHIUi:, ^fi 
*RBS*- ©Ay 7 r*T»JI>:l»*ifc»6si: t**H« 

£^5Tc&-5. :0SrCAy7 7lllSfc, — B©K 

[0 0 14] Sr©A7 7 7l«I n. Ga,..N (0< 
a£l) , fel<«AKGa,. t N (0<b£l) . £7c 
Hffi^SSSAUGa,.^ (O^b^l) ©&^£ 

fcaMWO. 5 WT© I n. G a,., Ni>\ *fc«bffid« 
0. 5£TF©A l»Ga,.»N£j*S3-ti-.5. fcifftS, 
Sfb#i¥^#Tmra^fi©¥g#BJ:Dfc > ftrfH©=fc 

©In.Ga,..N, A l t Ga,. b NtCisUT. affi, *5 

J: of b fit* mtzmmizmm l ft a y v r $ <=> c & 

fttt©«fcV>>fe©;W# £,n&;ta£>, fcOAy7 7iO^ 

fi$:R8a*4>fc< fc 0 . ?g-©/\'y ^ r @©±irfi£S-T-S 

S^tt¥t*I*«ni!GaN (G a N^fifcte^Rg 
*»*&VJ. ) . ^-©A*«y 771*^11 n. Ga,..N 
(0<a^0. 5) t>\ fL<«nlAUGa,. b N 
(0<b^0. 5) i)\ Sfc(4Mfi£©^?S^A 1„ Ga 
,..N (O^b^l) ©»K$«^b7i^.®J^ Cifift^) 

[0 0 15] ^rc5/'!7 7 7lOi : F+t , J7 

«k 1X13 4 (4*58 he cdtj ft C «k 0 # 6 nfe n £ft<b«¥« 
*13" ©±t. n^7yKl4\ 5 \ p ^ 7 

HT?*S. 0 311 grOA.y77i3 3^ ftmSjg 



( 

5 

&m © n mm oi y j- > ifm «t o & stt® 5 1 m \z & -s 

fi:r©/S-;/:7 7JI 3 3©&Ma*. Am«£7E5fi£-t^#x 

It, fcC/Vy 7 713 3 'J 7«S*»nai 

3J;0fcAtV^, *T«^-©y^y7ril3 3tCi^— 
\ZfctfK> J ¥-?<f3. ^-SMS!#5ii:^Tf 
•5. — 04©«k^7i3fl : f--Cafe-5t. m~ ©A«;7 7 

S3 3ws^+^'jT5gm«/h$<T : b, «8*tt*?* 

7713 3 ©m^*^ U 7*£*<*# Hfittt 

^-©/^■^T'rJis 3©7jtcgitn-^-r<^oT. m—u 

^#5n5. «£oT. JgZlW/S-.yT'rilS 3©«^ 2 
[0 0 16] friz, *»E©5S— ©JB«-Ctt, nlSft 

JitJ5fe*S**ctfcJ:»j, nJI©*Ml::£T?IiJ3rr-5 

[0 0 17] *»§a®3l5-©tt**J:^}B-o!B«C* 
^T. SfilCMS t5 nSSftftfift (I n,A 
l,Ga,.,.,N» O^X. O^Y. X + Y^l) Yffiri* 40 
O^Y^O. 5 0iS80Al,Ga,.,N, £ (Cff £ L 
<«0. 3£TF©A 1, Ga,.,N, «fc$f£L<teY= 
0©G aN£j&g$-t»-£. fc-tffc£, tUtS© «fc 5 I-GStc 

^KJKT SSO^FFx/X-f 7tLTn 92fcft¥&tic$;pJJi§ 

«, /S> K^ry^O/hSVi I nGaNiOfc/OK* 
t'y7®Af^Al GaN, GaN©JA!y>y;Kf 
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&-5^e>T&-5. -5-©^-^^, #CAlGaNeAl£ 
*#*1t5«£ea*K#^<fcS«faK*lj, GaN 

[0018] ssic**, Mno^sos-oiKji 

J:^JB^©jg«C^ViT, aMRlCtt*7 7"f7, G a A 
s. Si, ZnO, Si ceotffiftfftftTSStf. - 

«■§• IC tt, £« IC ttA y 7 7 H £ s # -5 z t Wtff & 
0 UV»*f, •^77'T7'*«©®7jffilC«toTtt/ , <^77ii 
*bT?<bjSftpJ||6T?**. »£K/\'y77l4fi2fiS 

T, SfcBSi, Ge, C«©H^— T«**»ft«S 
[0 0 19] 

[f£56#l] JWT> MOVPEfeKJ:«*58WflD*}S*» 
0 l ] 

(D sr, =fc<isfe#-brcit7 7'f rss^s^iirt© 

**^**«(*gK»bS:*»6, St* l 0 5 ottS 

2 o»nuiin«ib«ffi©Bifls«*iijtiLT, s«©^y- 
— >^£fr?. -5-©^-9-tr7 p ^— ©i&g£ 5 0 OtCI 
SU 5 0 O'CtCiJViTGaagtbTTMG (h'J.*^ 

OtCcftb GaNJ:5ft.5A*y77l*0. 0 
2 wmOIftM^tS. 
) [0 0 2 0] © TMG#7.<£nLa6, rSS?£ 1 0 

5 0ttT±#3*&«, TMG^X, SiH,^7$ 
S i K-ynSGaNiS2«mc?KfT^ 

it -5. 

[0 0 2 1] ® ^clc, TMG^7> S i H.^*^ 
Je>iaS*8 0 0"CIZTZ>. 8 0 CCtC^oTt^^rvUT 
^SSSRfr^JOS'^., TMG^7, TM I 
;l"f>i?^A) . S iH4#J**S!EU ^-©7N'^77 
lilTS i H-7'nSI nO.lGaOJNISO. 0 1 
M m ©K/PT^4 S . 

[0 0 2 2]© I nO. lGa0.9NJIfiJcg&. S^ffiS 
*1 0 5 0tiTl#$t, *1rU7 , ^***fcRL, 
TTMG^f7.*3J:lXS i H< #*£gitU TO:LTS 
i h'-7nlG aNI* 2 u m©K/P"C^fi$i*--5,, 

v>j\~t 7 7S©*^U7«§|tJl©nl!GaN® 
©^•^ 'J TSSfi<3«H-,i: bfc. 

[0 0 2 3] ^S^, *S*K«*«*5at0aiU, fi 
HOnlG a NiOSf^T EMTilSL, f©TE 

*3J:^- 1X10' fB/cm 1 T^oit. 
[0 0 2 4] [HJg^l2] ©*«tC/®©n^{fc:#)¥S 



{fcS©IglC*5lr>T, TMG. TMA (h 'J )V 
5. --7A) . S i fttfxejBVV S i h'-^nlA 1 
0.3G a0.7NH*-t*H?n2 tfmCDBtffTTJSfcftS-a-T 

*icfT5. ^©Mm, ra*cuTffl-aii/fctc*. s i 

K-^nlA 1 0.3Ga0.7NJiaiiBlC»LTV»*ISa^c 
R&©fgctt43J:^-5 X 1 O'a/cm'TTiofc. ft*, S i 
H-T'nIA 1 0. 3G aO. 7Njf©«^*^ U 7fig«I 
~©A* 7 r IS £ KHfH— t b fc. 

[0 0 2 5] [Hffi0)J3] ®0naSft«*»(M0l 10 
SfcH«»CbTS i K-^nfiGaNl* 1 xim©^JP 

CUT, IrOAy77ltl/TS i h'-^nllnO. 
lGa0.9NJI£5 0 h n — AOfflt/STfESaii- 

TH]b< S i H-^nIGaNl6 1 u mCDffltWrjIHC 

[0 0 2 6] ££>(;:, S i h'-ynlGaNIffl±l:(3) 
©ISfcBWHCbT. »=©/Xy7 7ltLTS i K — 
7nil nO.IGa0.9Nl^5 0^>^XhD-ACDl 20 

TS i K — 7"G a NJI£ 2 vm<D o 
*0?*««3-Ctt, •y-7 7'T7*«C9^®lCG aN/t7 
7712 0 Ot>^XhD-A, nIGaNiljim, 
S i K-7"nI I nO.IGa0JNf-A7 7 7l5 0 
>;7*XhD-A. nIGaNll/im, S i K — 7*nS 
I n0.1Ga0.9Nl=/Vv77i5 Ot>yx ha — 
A, niGaNl2tfm40Cail/fc. 

[0 0 2 7] -t©jS*. Sd&m<DS i K-7"nlGaN 
»0*ffilcabTV»**ft^BB©»»4*J:^- 1 x l o 4 30 

77ltS i K— 7"nIG aNiifflff+t iJ7ftt 

[0 0 2 8] mmW 41 <3><Df&- <D Ay 7 Tmv>x.m 

»C*5V>T, jSfijMESjKflS^-a-rTMG. TMA (h'J 

^^;pt;u5^-7A) , s injf^sivj, s i k- 

:/n^A 1 0.3G a0.7NJI£ 0. 0 1 y m©Jg/9Tj£S 

s-*T»— o/'ty 7 7S*^fi6;-r^te«, niw 1 tm 

:7nfflGaN»*ElcabTV>*tt»*ffi©*«& 40 
if 1X1 O'l/cm'T^ofc. Sr©Ay7 7 

ICff+t'JTigSBS i P-^nSGaNiiBS 

[0 0 2 9] [%KA5] (Ji©»r©/ty7ri«)li 

K:fcV*T, ^SS^^^k^ii-rTMG, TMA, S i 
H,#X&m*. ifS i K-7*nIA 10.02Ga0.98 
NJi*3 0*>y;*ha— AofflUPTjSiStt*. ifeic 
TMA^«r±a6, Si K-7"nSGaNli3 0*> 
^7. hD-A©j&JlTf£§;*-e--5. fit. ClOjRfPS 



( 5 ) 4*H¥8 - 7 0 13 9 

8 

-7nlA 1 0.02G a0.98N/l£:, 3 0^r>ifXho — 
A © n M g a N )§ £ £-?-*l-e*n£2 \Z 5 S t?o;fflJI b 7t 

*wtiLtz>m*. nmmi £w\mz?ro. ^-©*§jn, « 

^BS*ra«lCbTtfaibfeiC5, S i K-7"nlG 
a N*«ffilcaibTV»*»«^R6<5»tt*J:-t 5X10 
'fl/cm'Tfco/t. &43, gr©A 7 7 7lT3&5#I 
JS*©*^* *'J S i K-7*naGaNIiS 

\Zm-£Lfz.. 

[0030] [mmm 6 ] nmm 2 ©ihic^t. m 

— ©/\*-;/7 7Ji<i:bTS i h'-7"nlA10.1GaGa 
0.9N£0. 0 1 um<Dmm-?l$.-Bi2l£Z>MliZmmzL 
T, S i K-7°nMA 10.3GaO. 7NJI£j&fi£itfc. 
-5-©3£^, fiSlCnlA 1 0. 3G aO. 7NJgK:3ibTV> 
fcft^RBOftHU&J:-*- 1 x l O'/cntfT&ofc. fc*s 

[0031] [itfe^j i ] &mm i c&i^-c. ^-©a 

•>7 7®*fieS$-a-r. m^VXS i P-/nlGaN 
15:4 Mm©|gJPT^*$-&fc.ic:5, nSGaNiO 
&mizmVltm§kXM<Dm*&&*: l X l O'P/cm'T 

[0 0 3 2] [HJGM 7 ] ftR® JK?oiKfi tLfc 
SJStfiJ^-r. 1 ©®©XS©^icJi(.T©XS$: 

© S i H-7"nSGaNI{Sfi«, frfclCTMA (h 
^W7J^Z7A) #**in>t, I^b< 1 0 5 0*C 
T, n777FliLTSi K-7*nlA 1 0. 2G aO. 8 
N@£0. 1 /im©KJPTfi£g;*-fr-S>„ 

[0 0 3 3] © n^7yHaSS«, TMG, TM 
A, S i H,#7.£itae>, StffSg£8 0 CCfCt^b 
T. TMG, TMI, S j H, tfTUCiO^TD E Z (J? 
X^;PS?>*) fcRU SttSibTS i*J:OCZnK 
-7*1 n0.05GaO. 95NJI£0. 1 *zm ©SUITES;* 
■B--5. 

[0 0 3 4] © TMG, TMI, Si 

H 4 , DEZ#7.£iti£>. rfi^£ 1 0 5 O'CICbfe^, 
TMG, TMA. Cp2Mg W<>?Z?X.-)V? 
£**>"7A) #7£»?tb, P^7yKitLTMgK- 
7*pSA10.1Ga0.9NlSrO. 1 w m©J&J¥T?£g§3 
i*"<5. 

[0 0 3 5]® plAlO.lGaO.SNi^l?!, TM 
A#7.£jt#, H5b< 1 0 5 0tTp3>?^7 hJStb 
TMg P-7"plGaNI$0. 3 w m©&Jf -T?j£fi£ 

[0 0 3 6]® £U:®i:3CLTftft:X?a>X?7:> 
7"£fr^, Ir©/\ , 777l©*lC^SLtnfGaN 

nfflGaNitCtfifiMl/fc. ^tDB4CStJ: 
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<D&yty-{ *-H«2 OmAlCfeViTV f 3. 6 V. % 
}ti£ft4 5 0 nmfSO, Ocd, f^c^te 

3. 5mW-C^ofe. 

[0 0 3 7] [ifc««2] ttttmT/SfiS-frfcS i K 
-7 P GaNifC0±JC. *JS«7ilP|— ©XS*ffV», 12 

5, C©5SJty-f*-HB2 0mAi:*l»TVf 3. 6 
V, &yt&&4 5 0 nmTfcoft^, Ocd 

[0 0 3 8] E©J:5lc**E©iB--©#J£Jw.k<&,I:, 10 

t5^7^Fl, SftJg^©*gft*15ia*<!>fc<fc-5. W 
ICf£ttH©Kil«*5 0. 2«imHTi*Hft». 

[0 0 3 9] [|«60tJ8] UT*5£Wvm-<DmM\Z-3 

l?ISi:MOVPET*lS1!-5¥feSStfe©T*.5© 20 

(D *lfi«10©©Ifii:ra«HcLT-y-7r-f T 1 **® 
*HKGaN«kDfcSAy:7r«£0. 0 2 tim©!IJP 

[0 0 4 0] © 3&S60t|l ©©©Igtl^tfRKlLT, /X 
y?TfB<D±\Z. S i H-ynSGaNI^lOumO 

[0 0 4 1] S«0ttiU n 

MGaNI*I$TEMtl^l, fOTEMtitJ, 
¥&E«&fcD©i£ll*l&©&£§f^Lfc<hE3, *3=k 30 
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